Place-based Ecology Education (PBEE) has emerged as a compelling approach to achieving the sustainability goals of Environmental Education (EE), including helping children understand, care about, and take action to protect the environment. Collaboration for teacher training can amplify and expand the reach and effectiveness of PBEE within a given geographic region. This case study of a collaborative of five PBEE professional development organizations provided a noteworthy example of collective evaluation. The primary data source was quantitative and qualitative analysis of 156 survey responses from K-12 classroom teachers, administered from 2016 to 2018 in the Upper Valley region of New Hampshire and Vermont. On average, teachers reported medium-sized (Cohen's d 0.4 to 0.6), statistically significant changes over the prior year for all six PBEE core practices measured.
Introduction
Over thirty years ago, the founding document establishing Environmental Education (EE) as a strategy for achieving sustainability at national and global levels called for EE to focus outward toward the community [1] . More recent international declarations [2] have both broadened and deepened the aims of sustainable development to include issues of poverty and empowerment, even as evidence of the undesirable consequences of anthropogenic climate change and exponentially increasing population and resource consumption continues to mount. Geography as a discipline is well suited as a conceptual framework for translating these broad goals into tangible educational action. Geo-literacy has been defined as "the ability to reason about Earth systems and interconnections to make far-reaching decisions" [3, 4] . But what does that look like in practice?
Environmental educators have often used the geographic notion of "place" to examine food systems, forest resources, watersheds, and other local resources to make broader and more complex ecological phenomena more relevant and understandable [5] . Place-based Ecology Education (PBEE) integrates community connections and seeks to use local places to achieve the sustainability goals of EE and the educational goals of geo-literacy. PBEE has been defined as " . . . the process of using the The two main objectives of the Collaborative were to implement rigorous and replicable tracking of PBEE teacher practice in the region and to promote higher quality collaboration among the PD providers that make up the Collaborative. The organizations interacted routinely through in-person and remote meetings as well as through subgroup interactions on related projects, including a structured protocol (adapted from [11] ) for documenting how participating in the Collaborative led to useful changes in practice for members.
From its inception, the UVTPC integrated program evaluation into their work. They hired professional evaluators to guide and execute a shared evaluation and research agenda, and to provide critical, supportive insight into the Collaborative's direction and operations. The Collaborative's commitment to evaluation was notable given that the EE community is still at the beginning stages of embracing evaluation into its culture as a capacity-building tool for reflection and growth [12] .
Starting in the early 2000's, various UVTPC programs began receiving funding for both program implementation and program evaluation from the Wellborn Ecology Fund of the New Hampshire Charitable Foundation. Many other related organizations in the Upper Valley region have also received consistent and substantive financial support from the Wellborn Ecology Fund for sustainability related work. This includes the Place-based Education Evaluation Collaborative (PEEC), whose work from 2002 to 2010 laid much of the specific groundwork on which activities of the Collaborative were built. In sum, UVTPC's results occurred in a context of consistent support from a regional community foundation.
Research on Collaboration for PBEE
Research outside of formal education suggests that collaborations for community-focused EE are a powerful way for EE to reach its intended audience and promote its goal of educational transformation through collective involvement [13] [14] [15] [16] . In a comprehensive review of the community-based EE peer-reviewed literature from 1994-2013, Aguilar [13] found the majority of the programs being studied were the product of some form of collaboration (e.g., NGO/grassroots, government agencies, university research). Collaboration helped the programs to maintain sustainability and reach their objectives. Similarly, Norlander and colleagues [7] found that successfully engaging interpretive staff in a collaboration among informal science education institutions required a trusting and diverse team, an iterative development process, and effective structures for sharing resources and ideas.
Small groups of programs pursuing EE have been successful when they viewed differences of approach as complementary and beneficial [17, 18] . Gupta and colleagues [19] examined two types of collaborations in the USA for incorporating EE in K-12 education: between community groups and between established EE groups. Although both types of collaboration had differences in power balances and EE perspectives, the authors found that awareness among collaborators in both groups about these differences supported more integrated and sustainable group dynamics. Smith and colleagues [9] studied four Australian EE-related professional associations collaborating on sustainability education and teacher professional development. The groups identified ways in which their goals and terminology did and did not overlap. The researchers found that promoting shared goals was associated with more positive and sustainable group dynamics.
In evaluating the collaborative processes and outcomes of a group of four PBEE programs in New England, Powers [20] found that participants expected to learn from the other programs in the group and enrich their own program offerings through these interactions. For the classroom teachers served by these programs, six areas were consistently positively impacted: teachers' use of local resources and locations, interdisciplinary approaches, peer collaborations, leadership and growth, curriculum planning and delivery skills, and integration of service-learning.
The UVTPC case explored in this manuscript exemplified all of the collaboration dynamics described in these previous studies. Participants in the Collaborative worked very well together toward their shared sustainability goals. It was within this context that we investigated the PBEE practices of the classroom teachers served by the UVTPC.
Research on Collaborations for Teacher Professional Development (PD)
Teacher practice change is a logical precursor to changes in student learning [21] . Yet, outcomes research routinely focuses on student or participant assessments [12, 13, 22] more than on outcomes for the connecting agent, the teacher. Investigations of teacher training also routinely use factual knowledge (e.g., environmental literacy) as a measure of training effectiveness, rather than change in practice [13, 23, 24] . Examining how teachers are trained via pre-service schooling and through in-service PD is an important way to improve the field of PBEE [8, 25, 26] .
Examples of how collaborations for teacher training have promoted teacher preparedness to deliver PBEE have been detailed in relatively few contexts in the literature. McKeown-Ice [25] and Powers [27] noted that training for EE tends to be partial or non-existent in many university-level preservice teacher training programs. The PBEE training they found tended to emphasize individual practice rather than engaging in a learning community [25] or to emphasize printed EE resources that focus on topical knowledge rather than knowledge networks [27] . Both authors highlight the potential role of professional organizations and community partners as a means to enhance teacher preparedness. Additionally, Smith [9] noted that teachers are often underprepared for how to seek out collaborations for PBEE with their colleagues and/or the community.
A few notable instances of PBEE teacher training in the research literature occurred in the southeastern USA and Australia. In Kentucky, an evaluation of a 6-day professional development program found post-training increases in: building teacher confidence for integrating EE across the curriculum, engaging in collaboration with community members and fellow participants, incorporating reflective learning practices, incorporating experiential learning practices, linking classroom content to relevant current issues, and promoting citizenship education [26] . McInerney and colleagues [8] examined these types of collaborations in Australia. They found that a team approach to teacher training involving multiple courses and topics with university partners helped nurture a more inclusive understanding about local geographies and cultures, establish collaboration as a primary means of functioning for EE in the region, and instill reflective practices as teachers grew in their learning.
Because all member programs of the UVTPC are explicitly teacher professional development programs, examination of their case was well suited to contribute to the relatively few instances of related work in the empirical, peer-reviewed literature.
Research Question
Given the current knowledge about collaborations for sustainability and PBEE, and, in particular, teacher training for PBEE, the broad research question guiding this case investigation was: In what ways did the UVTPC contribute to changes in PBEE teacher practice? To examine this overarching question, we present detail on three specific areas of inquiry:
• What trends characterized teacher changes in PBEE core practices? • What helped and hindered teachers in making progress on PBEE core practices? • How did practice changes and reported helps and hindrances vary by the amount of recent PD and current level of PBEE practice?
Methods
Data for this case study consisted of quantitative analysis of closed-ended survey items, and qualitative analysis of open-ended survey items and notes from meaning making conversations between program staff and evaluators, as described in detail below.
Groundhog Day Survey Instrument Development
At the beginning of the three-year engagement with the UVTPC, a central task was to build a tool to measure delivery and outcomes of PBEE across the five programs' collective professional development offerings. Staff from organizations in the Collaborative worked together with evaluators and the main funder to identify and refine six diagnostic features of PBEE, and labeled them the "PBEE core practices" (Table 1) . They include using local areas, collaborating with the community, collaborating with fellow educators, adapting teaching style, adapting standardized curricula, and using locally relevant curricular content. These practices are consistent with the distinctive characteristics of place-based EE [28] and are articulated at a level of detail that is approachable for teachers from varied grades, schools, and pedagogical approaches. Essentially, this definitional work completed efforts begun by the Place-based Education Evaluation Collaborative (PEEC) [29] and reflected in published research by Powers [20, 27] .
The main content of the survey included a retrospective-pre structure asking teachers to self-report their level of practice "one year ago" and "now" on the six PBEE core practices (Table 1) . Members of the Collaborative selected a five-point Stages of Change response scale for these items. The scale was adapted from research on behavior change in smoking cessation [30] , with terminology further adapted for climate change studies [31] . The five Stages of Change are: (1) Disinterest-Not necessarily opposed to making this part of my teaching practice, but not intending to change soon; (2) Deliberation-Thinking about making this part of my teaching practice, perhaps unsure about costs versus benefits; (3) Designing-Actively preparing to make this part of my teaching practice soon, feeling fully convinced; (4) Doing-This is my regular teaching practice; and (5) Deepening-This has been my normal, automatic teaching practice for a long while, I'm seen as an enthusiastic "champion". 1 n = 160, with participation within each of the five programs n = 22-45 and X = 32. * p < 0.05, ** p < 0.01, *** p < 0.001.
Other questions on the survey included open-ended items about helps and hindrances for PBEE implementation, and quantification of the amount of PBEE training received from various sources over the previous year. Additional program-specific items were included as well, but are beyond the scope of this case study of the UVTPC as a whole.
Groundhog Day Survey Administration
The survey population was defined as formal K-12 teachers who had been active in at least one UVTPC program in the past three years. From this population, evaluators created a sampling frame consisting of either a census of program participants for the smaller programs, or a random sample of 20-30% of program participants for larger programs, resulting in a range of 10-27 teachers per program.
In 2016, 2017, and 2018, on or around February 2nd (Groundhog Day in the USA), the survey was administered to teachers participating in UVTPC programs. This time of year was chosen because it coincided with a relatively flexible period in the school year rhythm. Also, there was an attempt to make an analogy with the promise of the pending season of spring and growth symbolized by Groundhog Day, as well as with the Audubon Christmas Bird Count, an annual data collection event that is both fun and useful. In December and January of each year, individual programs in the Collaborative sent notification of the survey directly to their own program populations within their routine communications (e.g., newsletters, workshops). The sampling frame was then contacted via email and invited to participate in the online survey. Non-respondents received up to five email invites and a phone call. The survey was open for six weeks and closed mid-March.
Over the three years, 156 teachers (of the 288 teachers invited) provided usable survey responses, yielding an overall effective response rate of 54%. This was below the target of 70% that evaluators had established as sufficient to confidently claim representativeness. Response rates for subsample strata by program ranged from 32-100%, with higher rates coming from subsamples that had more recently participated in an in-person PD event. Thus, the sample may be biased somewhat toward teachers who were more engaged in PBEE.
The survey tool itself underwent minor refinements from year to year. There were no substantial changes to the Collaborative, the five programs, or the respondent pool in the three years.
Member Checking
Another way the UVTPC embodied collaboration was in the process of holding meaning-making conversations between program staff and evaluators after preliminary data analysis but before final reporting. For each year's data set, this comprised at least one two-hour face to face discussion between evaluators and the Collaborative as a whole, plus two to four one-hour conference calls with various combinations of program staff and evaluators. The purpose was to integrate the external, data-driven perspective of evaluators with the rich understanding of people with day-to-day knowledge of a program's inner workings and nuance. This dialectical interactionist approach built trust and strengthened data interpretation through critical discourse.
Analysis
Multiple sources of quantitative and qualitative data were interpreted to generate overall conclusions for this case study. Survey data were aggregated over the three years of administration. Changes over time of within group means from pre-to post-for PBEE practices (individually and as an aggregate index) were tested for statistical significance with t-tests. Regression analyses were used to test if the dose of PBEE PD (i.e., the weighted sum of all reported training over the prior year, ranging from 0-325 h [0-8 weeks] equivalents) significantly predicted changes in PBEE practices. Open-ended survey responses about PBEE implementation were analyzed for themes using a constant comparative qualitative data analysis process, grouping for main themes. Cross tabulations of dosage clusters and Stage of Change response categories with themes from the open-ended survey items provided a finer-grained look into the question of what factors were associated with the highest levels of PBEE teacher practice change. Quantitative analyses were conducted using SPSS v24. Qualitative analyses were conducted with Google Sheets and HyperResearch v4.
Results

Teacher Practice Change
The main finding relevant to our research question was that teachers reported strong, medium-sized, statistically significant changes over the prior year for all PBEE core practices. The magnitude of change pre-to post-was approximately a half a standard deviation (see Cohen's d in Table 1 ). On average, this represented a move from a little above "Designing" to a little below "Doing" on the Stages of Change scale (Figure 1) .
The relationship between dose of PD over the prior year and PBEE core practices (∆R 2 in Table 1 ) was statistically significant (p < 0.05) for some PBEE core practices. However, inconsistent patterns at the finer-grained level of individual programs led us to conclude that this analysis did not yet warrant confident interpretation. We suspect that there was noise in the mechanics of the way the PD dose variable is measured, and that other factors that contribute to practice change (e.g., cultural norms within schools) were not captured by this instrument.
Qualitative Descriptions of PBEE Implementation
Teacher responses to open-ended survey items suggested that PBEE often involves coordination between and contribution from multiple players with different roles but similar goals. In that way, PBEE is like a team sport. Respondents expressed appreciation for collaboration with teacher colleagues as well as for the ongoing, personalized coaching and support they received from PD providers. Teachers reported wanting hands-on support for themselves to overcome logistical and time challenges in implementing PBEE, often characterized as competing school priorities. An example that captured this dominant theme is the teacher who wrote that the most helpful support factors were "my colleagues and outside resources". The relationship between dose of PD over the prior year and PBEE core practices (ΔR 2 in Table  1 ) was statistically significant (p < 0.05) for some PBEE core practices. However, inconsistent patterns at the finer-grained level of individual programs led us to conclude that this analysis did not yet warrant confident interpretation. We suspect that there was noise in the mechanics of the way the PD dose variable is measured, and that other factors that contribute to practice change (e.g., cultural norms within schools) were not captured by this instrument.
Teacher responses to open-ended survey items suggested that PBEE often involves coordination between and contribution from multiple players with different roles but similar goals. In that way, PBEE is like a team sport. Respondents expressed appreciation for collaboration with Teachers also reported that PBEE was engaging and hands-on for their students. A quote that exemplified this theme was: "PBEE has absolutely made learning more relevant for my students, particularly with the local connections we have made".
When asked which topics they would like support on as they relate to PBEE, the seven most common selections from the list of options were, in descending order of frequency: addressing state or national standards (e.g., Next Generation Science Standards, Common Core), student-driven learning, nature play, differentiated instruction/personalized learning, engineering and design, service-learning, and integrating technology into outdoor learning.
Factors Associated with Higher Levels of PBEE Implementation
To discover insights into best practices for PBEE professional development, themes from some open-ended survey items were cross tabulated with the level of PD dose and with reported Stage of Change of PBEE practice (Tables 2-6 ). The open-ended items asked what helped or hindered teachers in making progress on any of the PBEE core practices. The driving idea was to look for clues about how to move teachers from "Doing" to "Deepening" in their PBEE practice. A cluster analysis of 105 eligible cases yielded three groups of PD dosage from the prior year: Low (n = 36, X = 37 h); Medium (n = 59, X = 142 h); and High (n = 10, X = 246 h).
The highest levels of PBEE practice were reported by teachers who had the highest dosage of PD (Table 2 ). This group also found the connections to a learning community and local resources to be the most valuable for improving their PBEE practice (Table 3) . On the other hand, many teachers in the lowest PD dosage group also reported relatively high levels of PBEE practice (Table 2) . These teachers reported feeling most supported by the curriculum content and the expertise of PD providers (Table 3) . This contrast suggests that the role PD plays in supporting high levels of PBEE implementation was not the same for everyone. This is consistent with the Concerns Based Adoption Model, which describes ways in which different teachers need different levels and types of PD [32] . It is also consistent with the idea that PBEE, by definition, adapts and responds to variety in local conditions. (5) 2 7 10 1 Composite is the mean of a respondent's answers to the six place-based ecology education measures (Table 1 ).
All respondents answered at least three of the six measures, and most answered all six. 1 No response and responses of "nothing" were excluded from the depiction of results and percentages. These exclusions totaled n = 6 for Low PD Dosage, n = 15 for Medium PD Dosage, and n = 2 for High PD Dosage. The highest levels of PBEE practice were also reported by teachers who were helped by a team mentality in their school or hindered by the lack of it (Tables 4-6). These teachers more strongly embraced connections with community members and mentors. This suggests that although PD may be an important activity, the highest levels of PBEE practice also require a supportive culture, network, and context of collaboration within the school and community.
Discussion
The overall goal of this case study was to explore ways in which the UVTPC contributed to changes in teacher practice around sustainability or geo-literacy more broadly, and PBEE more specifically. A holistic synthesis of multiple types and sources of data revealed that collaboration was a theme that unifies at least three scales of phenomena in this case: the teacher, the school, and the region.
Collaboration for Teachers
Perhaps the clearest, most straight forward finding of this study was that teachers consistently reported strong, medium-sized, statistically significant changes over the prior year for all PBEE core practices. The data suggest that the professional development provided by UVTPC programs was at least one contributing factor to that teacher practice change. A closer examination of the content of those PBEE core practices reveals something of a tautology between PBEE and collaboration. PBEE is inherently about collaboration. Collaboration is explicit in several of the core practices and implicit in the others. For instance, the practices described as adapting teaching styles, themes, and curricula could also be seen as a kind of collaboration in that there is a dialectical interaction between the teacher and the content of what they teach. PBEE is about working with fellow teachers, community members, and elements of the local natural and built environment to make learning real and meaningful for students. This focus on collaboration among a variety of communities echoes the original intent of EE 40 years ago [1], as well as recent research on the power of collective efficacy [33] of teams of teachers in schools [34] .
Collaboration for Schools
The finer-grained analysis of factors associated with the highest levels of PBEE practice in this study pointed to the importance of collaboration at the school level. Although professional development for PBEE may be an important hook for many individual teachers, our data suggest that teacher teams and school leadership and culture may be the powerful levers for allowing PBEE to flourish and be sustainable. This intermediate scale of school community (i.e., bigger than the classroom but smaller than a school district or supervisory union) should frame further investigation of the cultures and networks that grease the wheels of change for PBEE and sustainability.
Collaboration in the Region
The collaborative nature of the UVTPC itself was evident in several ways. The ability to create a tool to measure PBEE teacher practice change was predicated on the Collaborative working well together. None of the participating organizations had the resources or ability to design and administer such a measure on their own, but collectively they could. The regular meetings of participants in the Collaborative also served as a kind of professional development and support for the PD providers themselves. In the words of one participant: "The UVTPC is building the possibility of creating true collaboration such that anyone in the region can engage in 'seamless entry' into PBEE, no matter who they talk to first...AND continue to learn from each other". The fact that each of the five programs in the Collaborative offers PD that reflects common tenets of PBEE via pedagogically and geographically variable programs means that teachers in the Upper Valley region have a richer array of options for customizing their PBEE learning. This is consistent with research from Boyer and Roth [35] , who contend that EE collaborations aid in accessibility as participants have options for enrollment in a program that suits their particular needs. This balance between collaborative and individual program identity was found to be an important aspect for program sustainability in other contexts as well (e.g., [10, 14] ).
Limitations and Future Research
Two limitations warrant explicit mention. First, with an overall effective response of 54%, non-response bias was a factor to the extent that there were any systematic (though unknowable) characteristics of the slightly less than half of teachers in the sampling frame who did not provide usable survey responses. Second, effect sizes (Cohen's d in Table 1) were probably slightly exaggerated due to social desirability bias. We suspect this even though the reliability of the retrospective-pre design was tested each year by analyzing the responses of teachers who filled out the survey two years in a row (n = 22 in 2017, n = 24 in 2018). In both years, reported practices for "now" from the prior year were consistently higher than reported levels for "one year ago" in the current year, though t-tests and interaction effects typically revealed a lack of statistical significance. To increase the effective response rate, future administrations of this survey in the Upper Valley region could employ more rigorous messaging campaigns prior to administration, and/or could adjust the timing to align more tightly with the timing of in person trainings. Response rates could likely also be increased by shifting the sampling frame from individual teachers participating in PD programs to all teachers in a target school (e.g., by administering the survey at all staff meetings). Such reframing of the sampling could also extend the analysis by including teachers who had not participated in PBEE professional development.
Conclusions
How might the lessons from this case study of regional collaboration for sustainability via Place-based Ecology Education be usefully transferred to other contexts?
First, articulation and operationalization of PBEE into six core practices could be adopted by the field of PBEE more broadly as one response to the historical challenge of differentiating PBEE from other related and overlapping progressive educational pedagogies [16] . We encourage adapting and testing these measures of six practices in different contexts to elicit further reflections on the utility and generalizability of this six-item battery.
Second, UVTPC's main measurement instrument, affectionately referred to as the "Groundhog Day Survey" tool, could be easily replicated and adapted to other PBEE research and evaluation contexts. This would address a challenge noted in the literature that evaluations are often inconsistent across cases [12, 13] . Sharing measurement tools like this across PBEE programs is one way to support current momentum for collective evaluation and building the field of EE promoted by groups such as the Pisces Foundation, Blue Sky Funders Forum, Children and Nature Network, and the North American Association of Environmental Education. One feature of the Groundhog Day Survey tool that was only cursorily detailed in this manuscript, but that would likely be essential to replication efforts, is that the survey also included program-specific items. This allowed individual programs in the Collaborative to replace prior evaluation instruments with a modified version that served multiple evaluation needs, as opposed to adding another instrument to the existing battery. This type of structuring for core principles while leaving room for program-specific inquiries is consistent with the "enabling sustainable actions" component of Monroe and colleagues' [5] framework for EE strategies. The Groundhog Day Survey tool is downloadable from the website of the evaluators who worked with the Collaborative (see www.PEERassociates.net).
Third, findings from this case study provide guidance to other PBEE professional development providers. According to requests and reports from UVTPC teachers, optimal PD for PBEE is ongoing, personalized, and collaborative. To overcome the challenges of limited time and constrained curriculum requirements, teachers want hands-on, ongoing mentoring that includes tangible examples from coaches and colleagues, especially with respect to connecting PBEE to Next Generation Science Standards and other curricular frameworks. Providing time for planning is critical. Although broadly consistent with literature on best practices for PD in general [36, 37] , UVTPC findings tended to place greater emphasis on collaboration.
Finally, incorporating collaborations in PBEE (both within a school and between a school and community resources) highlights the central role that relationship-building has in supporting an engaged community of EE practitioners and community members working toward sustainability and geo-literacy goals [1, 38] . Indeed, research on collaborations in other environmental contexts suggests that this idea of cross-scale interactions that harmonize local context with overall goals can contribute toward sustainability and relevance in a powerful way [10] . The motivation and urgency to achieve national and global sustainability must fundamentally come from a growing societal recognition of the ecological and social stakes involved in our rapidly changing modern world. But it may be that collaboration at every scale becomes a necessary, if not sufficient, feature of education for sustainability.
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